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ISUMMARY
Asthma and atopic diseases are a serious public health problem
throughout the world, affecting people of all ages. When uncontrolled, these
diseases can take place severe limit of daily life and is sometimes fatal. The
first epidemiological studies of asthma date back to the first half of 20th
century. Since then a global increase in asthma prevalence has been revealed.
It is estimated that 300 millions of people are suffering from asthma
worldwide. On the other hand, prevalence of atopic diseases has been
increasing worldwide. Meanwhile the reasons for these increases remain
unclear. There is no doubt that asthma and atopy is currently a major public
health problem. Until now, there are many factors have been identified to be
involved with this recent raise of asthma and atopic diseases. But the reports
on the association between malnutrition and helminth infections and asthma
and atopic diseases among children are scarce. I hypothesized that
malnutrition as well as helminth infections are the important risk factors for
asthma and atopic diseases in developing countries.
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In chapter 1, the current knowledge of asthma, atopy and their risk
factors and associated conditions were summarized. In this chapter, I also
summarized about malnutrition and the helminth infections through
literature reviews.
In chapter 2, association between nutritional status and current
wheezing was presented. In this study, I found that chronic malnutrition
measured by stunting was a risk factor for asthma symptom among the
children, whereas acute malnutrition measured by wasting and the other
form of malnutrition which is underweight was not associated with asthma
symptoms. I conducted a cross–sectional study among 4.5 years old
Bangladeshi children in the rural Matlab area, where International Centre
for Diarrhoeal Diseases Research, Bangladesh (icddr,b) has been running a
Health and Demographic Surveillance System (HDSS) since 1966 that
covers a population of about 225,000. Anthropometric measurements of the
mothers and their children were taken during a one–year period. Current
wheezing was identified using the International Study of Asthma and
Allergies in Childhood (ISAAC) questionnaires. Serum total IgE was
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measured by human IgE quantitative ELISA. IgE specific antibody to
dust–mites (DP) was measured by the CAP-FEIA system. It has been found
that, current wheezing at 4.5 years old was 1.6 times higher among stunted
children compared to non–stunted children ((odds ratio (OR) = 1.58, 95% CI:
1.13 – 2.22)) and 1.4 times higher among underweighted children compared
to non–underweighted children (OR = 1.39, 95% CI: 1.00 – 1.94). The
association between current wheezing and stunting remained after the
adjustment for sex, birth weight, birth length, gestational age at birth,
mother’s parity, maternal BMI, family history of asthma, socioeconomic
status, season of birth and intervention trial arms (OR = 1.74, 95% CI: 1.19
– 2.56). But the association between underweight and current wheezing was
not remained after adjustment for the same variables (OR = 1.28, 95%CI:
0.89 – 1.86). From the above findings, I concluded that stunting was a risk
factor for wheezing among rural Bangladeshi children.
In chapter 3, I explained about the study investigated the
association between helminth infections and asthma and atopic diseases.
Children aged 4.5 years were participated in a cross–sectional study nested
IV
into a randomized controlled trial in Bangladesh, same as the previous
study. Ever asthma, ever wheezing and current wheezing were identified
using the International Study of Asthma and Allergies in Childhood
questionnaires (ISAAC). Current helminth infections were defined by
presence of helminth eggs in stool, measured by routine microscopic
examination. Repeated Ascaris infection was defined by presence of
anti–Ascaris IgE > 0.70 UA/ml in serum measured by CAP–FEIA method.
Atopy was defined by specific IgE to house dust mite (anti–DP IgE) > 0.70
UA/ml measured by CAP–FEIA method and or positive skin prick test (>
5mm). Anti–Ascaris IgE was associated with ever asthma (OR = 1.86, 95%
CI: 1.14 – 3.04, highest vs lowest quartile; P for trend = 0.016). Anti–Ascaris
IgE was also associated with positive anti–DP IgE (OR = 9.89, 95% CI: 6.52
– 15.00, highest vs lowest; P for trend < 0.001) and positive skin prick test
(OR= 1.69, 95% CI: 1.01 – 2.81, highest vs lowest, P for trend = 0.076). These
findings suggest that the repeated Ascaris infection could be a risk factor for
asthma and atopy in rural Bangladeshi children.
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1CHAPTER 1
LITERATURE REVIEWS
21.1 Asthma
1.1.1 Definition of asthma
Many pulmonary diseases can be defined by their causative agents
e.g., tuberculosis or by pathology e.g., squamous cell carcinoma or by
characteristics clinical presentation e.g., emphysema, chronic bronchitis. But
for asthma, primary cause still remains unknown, pathology is rarely
available at the time of diagnosis and clinical presentation can be variable.
Hence, to date, no universally acceptable definition has been formulated.
Perhaps the most concise and useful description of asthma is: a clinical
syndrome of “variable airflow obstruction.” Development of understanding
the mechanisms of asthma, and the desire to give a definition that would
satisfy clinicians, physiologists, genetics specialists, immunologists,
molecular biologists, pharmacologists, epidemiologists as well as pathologists
have added new components to the definition. Current consensus about the
definition of asthma has captured the history of development of
understanding of the mechanisms of asthma in the last decades that states
as:
3Asthma is a chronic inflammatory disease of airways in which many
cells and cellular elements play a role, in particular mast cells, eosinophils,
and T-lymphocytes. Chronic inflammation is associated with airways
hyperresponsiveness that leads to current episodes of wheezing,
breathlessness, chest tightness and coughing, particularly at night or early in
the morning. These episodes are usually associated with widespread, but
variable, airflow obstruction within the lung that is often reversible either
spontaneously or with treatment (1).
1.1.2 World scenario of asthma
Asthma is a global problem, irrespective of developed and developing
countries, with an estimated 300 million affected individual worldwide (2–
4). It appears that the global prevalence of asthma ranges from 1% to 18% of
population in different countries (3, 4). Recent evidence suggested that there
is decreasing prevalence of asthma in North America and Western Europe
and increasing prevalence in the region where it was previously low. The
increases of asthma symptom prevalence in Latin America, Africa and some
parts of Asia indicate that the global burden of asthma is continuing to raise
4(5). The World health Organization has estimated that 15 million of
disability–adjusted life years (DALYs) are lost annually due to asthma
which is representing 1% of the total global disease burden (3).
1.1.3 Asthma in Bangladesh
Asthma in Bangladesh appears to be a public health problem with
recent trend of increasing prevalence. National Asthma Prevalence Study
conducted from January 1999 to August 1999 among the 5,642 Bangladeshi
people, which included both adult and children, indicated that estimated 7
million people, including 4 million children were suffering from asthma. (6).
National Asthma Prevalence Study found that overall prevalence of asthma
was 6.9%. This study also found that prevalence of asthma in children (5-14
years) was more than in adult (15-44 years) (7.3% versus 5.3%). Later study
conducted in rural Bangladesh in Matlab among 60-71 months age children
and found that prevalence of wheezing in the last 12 months was 16.1% (7).
This rapid increase of asthma prevalence has become a major public health
concern in Bangladesh.
51.1.4 Risk factors of asthma
Recently, asthma is said to be no more a single disease. Rather,
asthma is a vague term that describes a group of clinical symptoms with
reversible expiratory airflow limitation or bronchial hyperresponsiveness
(8). In general, risk factors for asthma are categorized as modifiable and
non–modifiable factors. Modifiable risk factors are including: the exposure
to allergens (9, 10), active and passive tobacco smoking (11, 12), outdoor air
pollution (13, 14), indoor air pollution (15, 16), urbanization (17– 19), obesity
(20, 21), extreme emotional expression (22, 23) and some other triggering
factors (14). Non–modifiable factors include; family history (24–26) and
genetic factors (27, 28). Other risk factors especially for children include;
family structure (29, 30), socioeconomic status (31, 32), use of antibiotics
and infections (33–36), allergic sensitization (37), exposure to
environmental tobacco smoke (38, 39), exposure to animals (40) and sex (41–
44).
61.2 Atopy
1.2.1 Definition of atopy
The term atopy was introduced almost a century back by Coca and
Cooke on 1923 (45). However, its precise definition has been a matter of
concern for various authors. Pepys (46) defines atopy as the presence of an
IgE response to common allergens. Even though his definition does
therefore not imply the presence of clinical symptoms, but describes the
immunologic reaction. Contrary to his definition, other authors define atopy
only by clinical symptoms (rhinitis, asthma or atopic dermatitis) (47, 48).
After that, Eriksson has proposed the definition as presence of clinical
symptoms along with at least one positive skin test to common allergen (49).
Currently, more simple definition elucidates:
Atopy describes the tendency to become IgE sensitized to common
allergen to which most people are exposed but do not have a prolonged IgE
antibody response (50, 51). In epidemiological studies and clinical practice
atopy is defined as positive allergen–specific serum IgE test or skin prick
test (SPT) to any common food or allergen (52).
71.2.2 The hygiene hypothesis of atopy
The hygiene hypothesis was first proposed by Strachan in 1989 as a
part to explain the increasing prevalence of atopic conditions (53). The idea
originated from epidemiological observations, suggested that, inverse
correlation between family size and the prevalence of atopic rhinitis. This
observation leads to a more general hypothesis, that, infections in early
childhood acquired from older siblings might protect against the
development of atopic diseases such as atopic eczema, allergic
rhinoconjuctivitis and asthma. The T helper (Th1/Th2) paradigm of
adaptive immune responses provided the initial immunological backbone for
the hygiene hypothesis (54–56). On the basis of cytokine production
patterns, the T cell responses may be divided into counter–regulatory Th1
and Th2 subtypes. The Th2 responder phenotype is associated with atopic
sensitization and atopic disease. Indeed, inflammation of the Th2 type
appears to be active in the initial stage of the pathogenesis of atopic eczema
(57, 58), allergic rhinoconjuctivitis (59, 60) and asthma (61, 62).  A link
between the Th1/Th2 paradigm and the risk of development of allergic
disease was made upon demonstration that initial atopic sensitization may
8even take place in utero when a Th2 polarized immune environment is
thought to prevail (63).  In healthy infants, the Th2 skewed immune
system of the newborn is redirected and matures during the first year of life.
Th1 type response typically elicited against intracellular microbial
pathogens, counter–balance Th2 type immunity. Hence, the hygiene
hypothesis may be combined with the Th1/Th2 paradigm to argue that
reduced contact with microbes and diminished burden of infectious diseases
at an early age lead to weakened immunological drive in the Th1 direction
resulting in over activity of Th2 responsiveness (64).
1.2.3 The atopy epidemic
There has been a considerable increase in the incidence of atopic
disease in the industrialized countries during the last 30 years and it has
been estimated that at least 20% of the population worldwide is susceptible
to atopic disease (65). In Sweden, the number of children with allergic
rhinitis, asthma and eczema doubled during the years 1979 – 1991 (66). In
Britain and Australia, a recent report estimated that 1 in 4 children under
914 years of age are having asthma and 1 in 5 children having eczema (67).
This striking increase cannot be simply attributed to the current improved
diagnostic techniques nor the increased awareness of the general population.
The high morbidity associated with atopy is requiring large quantities of
costly medicine but which reduce symptoms only, and have no effect on the
underlying immune disorder. For example, the annual costs of treating
asthma in United States were estimated at 6 billion US dollar in 1997 (68).
Atopic diseases are familial and genetic linkage studies have consistently
identified a cytokine cluster on chromosome 5 and the major
histocompatibility complex (MHC) on chromosome 6 (69). However, these
genetic factors do not explain the rising incidence of atopic diseases. Over
the years there have been many epidemiological studies performed in
different populations group worldwide attempting to relate cause and effect.
These studies are based on the premise that some environmental change
must be responsible.
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1.2.4 Natural course of atopic diseases
The expression of atopic diseases may vary with age, and symptoms
may disappear and be replaced by other symptoms. In infancy, the main
atopic symptoms are atopic dermatitis, gastrointestinal symptoms, and
recurrent wheezing, whereas bronchial asthma and allergic
rhinoconjunctivitis are the main problems later in childhood. Adverse
reactions to food, mainly cow’s milk protein are most common in the first
year of life, whereas allergy to inhalant allergens mostly occurs later.
Characteristically, sensitization occurs in the order of exposure: food, indoor
allergens, and outdoor allergens. Sensitization to milk and egg frequently
occurs during the first 2-3 years of life, while sensitization to inhalant
allergens occurs later in childhood with increasing prevalence with age (70,
71). Sensitization to indoor airborne allergens often occurs at a lower age
than sensitization to pollen (72, 73).
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1.3Malnutrition
1.3.1 World scenario of malnutrition
According to the recent United Nations International Children's
Emergency Fund (UNICEF) report, the total number of annual deaths
among children under 5 in the world is 9.7 million, 17% with diarrhea, 19%
with pneumonia, and 15 % with malaria, measles and AIDS taken together
in 2006 (74). Many conditions and diseases interact to increased child
mortality beyond their individual impacts, and undernutrition contributes
up to 53 percent of child deaths. In the developing world 27 percent of under
5 children is underweight that is around 146 million children. Of these
children, nearly three quarters live in 10 countries, such as India,
Bangladesh, Pakistan, China, Nigeria, Ethiopia, Indonesia, Democratic
Republic of the Congo, The Philippines, and Viet Nam. As we can see, South
Asia has by far the highest levels of underweight, affecting 46 per cent of all
under–five children in the region, and with 44 per cent of its children are
stunted and 15 percent are wasted, considerably higher rates than most
other regions (75). Undernourished children are more likely to die from
common childhood illnesses such as diarrhea diseases and respiratory
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infections due to poor resistance to infection (76). Those who survive may be
locked into a vicious cycle of recurring sickness and faltering growth, often
with irreversible damage to their cognitive and social development.
Undernutrition has many short and long term consequences,
including delayed mental development, higher risk of infectious diseases
and susceptibility to chronic diseases in adult life. In low–income countries,
child malnutrition is likely to be a consequence of poverty, characterized by
low family status and income, poor environment and housing, inadequate
access to food and safe water, and lack of health care service. In a number of
countries, stunting is equally prevalent, or more so, among the poorest
children in urban areas as among comparably disadvantaged children in the
countryside (77). A 2006 study of disparities in childhood nutritional status
in Angola, the Central African Republic and Senegal found that when using
a simple urban–rural comparison, the prevalence of stunting was higher in
rural areas. But when urban and rural populations were stratified using a
measure of wealth, the difference in prevalence of stunting and underweight
between rural and urban areas disappeared (78). A 2004 study of 10
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sub–Saharan African countries showed that the energy–deficient proportion
of the urban population was above 40 percent in almost all 10 countries and
above 70 percent in three: Ethiopia, Malawi and Zambia (79). A study of the
National Family Health Survey (NFHS-3) in eight cities in India from 2005
to 2006 found that levels of malnutrition in urban areas continue to be very
high. At least a quarter of urban children under 5 were stunted, indicating
that they had been undernourished for some time. Income was a risk factor
for malnutrition. Among the poorest (income less than 2 USD per day)
urban residents 54 percent of children were stunted and 47 percent were
underweight, compared with 33 percent and 26 percent respectively, among
the rest of the urban population (80). The largest differences were observed
in the proportion of underweight children in slum and non–slum areas of
Indore and Nagpur (81).
1.3.2 Childhood malnutrition in Bangladesh
Bangladesh has one of the highest rates of childhood malnutrition
in the world (82), but with the government and international organizations
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unable to come up with a unified strategy, thus the progress has been
limited. Now the government and non–government organizations are
looking to work together in an attempt to find the cost–effective and
scaleable solutions to an enduring childhood malnutrition problem.
Although the prevalence of childhood malnutrition in Bangladesh has been
fallen substantially from 68% in the late 1980s to 41% in 2007, the rate of
decline is not sufficient to achieve millennium development goal (target
prevalence of 34% by 2015) (83). Despite recent progress, Bangladesh
continues to struggle with malnutrition. Using the WHO 2005 Growth Rate
Scale (GRS), 40 percent of children below 5 years of age were underweight,
46 percent were stunted, 15 percent were wasted and 1.4 percent
overweight/obese. According to criteria of the World Health Organization,
the prevalence of underweight and stunting was ‘very high’ and the
prevalence of wasting indicated a ‘critical problem’. Severe underweight,
severe stunting, severe wasting and obesity were found in 11, 19, 3 and 0.3
percents of the population, respectively (84). The main reasons for higher
rate of childhood malnutrition in Bangladesh include intrauterine growth
retardation, lack of exclusive breast feeding, delayed and inappropriate
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complimentary feeding, and repeated attack of infectious diseases, seasonal
food insecurity and widespread micronutrient deficiency. Malnutrition
contributes to half of child deaths. Malnourished children are more likely to
suffer from infectious diseases and the severities of diseases are greater
than those are for normal children (85).
1.4 Helminth infections
1.4.1 Helminth infections: a neglected tropical disease
Helminths (the Greek meaning “worms”) have plagued in human
body since before the era of our earliest recorded history. The eggs of
intestinal helminth found in the mummified feces of human thousands year
back (85), and we can recognize many of the characteristics in clinical
features of helminth infections from the ancient writing of Hippocrates,
Egyptian medical papyri, and the Bible (86, 87). During our course of history
on earth, human have acquired an amazing number of parasites, about 300
species of helminth worms and over 70 species of protozoa. Many of these
are rare and accidental parasites, but we still harbor about 90 relatively
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common species, out of those a small proportion cause some of the most
important diseases in the world (88-80). Currently, it is estimated that one
third of 3 billion people who live on less than 2 US dollars per day in
developing regions of sub–Saharan Africa, Asia, and the south Americas are
infected with one or more helminth (91). The most common helminths
infections are caused by Ascaris lumbricoids, Trichuris trichura, and
hookworms followed by Schistosomes and lymphatic filaria (90, 91).
1.4.2 Burden of soil–transmitted helminthiases
The morbidity caused by soil–transmitted worms such as
roundworm (Ascaris lumbricoids), whipworms (Trichuris trichura) and
hookworm (Ancylostoma deodenale) are a major public health problem
worldwide. Recent estimates suggest that nearly two billion people are
infected by soil–transmitted worms worldwide (87, 88). Preschool and school
aged children in the low socioeconomic status are more prone to be infected.
Therefore, they are more tending to suffer from adverse health
consequences from those infections. Most helminth infections, if left
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untreated, result in chronic inflammatory disorders that cause concurrent
and delayed–onset pathology to the human host (92). Especially children
living in low–income countries are suffering from chronic helminth
infections resulting in malnutrition, stunting, and intellectual retardation,
cognitive and educational deficits (93). In 2001, the World Health Assembly
passed a resolution urging member states to control the morbidity of
soil–transmitted helminth infections through large scale use of
anthelmintic drugs for school aged children in less developed countries. This
is one of the largest worldwide health initiatives ever taken (94).
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CHAPTER 2
Association between current nutritional status
and childhood wheezing in rural Bangladesh
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2.1 Summary
This study was aimed to investigate the association between
current childhood nutritional status and current wheezing among
pre–school children in rural Bangladesh. A cross–sectional study was
conducted in Matlab, a rural region of Bangladesh. 912 children aged 4.5
years were participated in this study. Anthropometric measurements of the
mothers and their children were taken during a one–year period from
December 2007 to November 2008. Current wheezing was identified using
the International Study of Asthma and Allergies in Childhood (ISAAC)
questionnaires. Serum total IgE was measured by human IgE quantitative
ELISA. IgE specific antibody to dust–mites (DP) was measured by the
CAP-FEIA system.
Wheezing at 4.5 years old was 1.6 times higher among stunted
children compared to non–stunted children (OR = 1.58, 95% CI: 1.13–2.22)
and 1.4 times higher among underweighted children compared with
non–underweighted children (OR = 1.39, 95% CI: 1.00–1.94). The
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association between stunting and current wheezing remained after
adjustment for sex, birth weight, birth length, gestational age at birth,
mother’s parity, maternal BMI, family history of asthma, socioeconomic
status, season of birth and intervention trial arms (OR = 1.74, 95% CI: 1.19
–2.56). But the association between underweight and current wheezing was
disappeared after adjustment for the similar variables (OR = 1.28, 95% CI:
0.89–1.86).
In conclusion, study suggests that stunting was a risk factor for
wheezing among rural Bangladeshi children. Further studies will be
required to confirm the relationship between nutritional status and
asthmatic illnesses in developing countries.
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2.2 Introduction
There is increasing international interest in the causal role of
nutrition and other dietary factors in the development of asthma and
allergic diseases (1). Currently asthma affects 300 million people worldwide
(2). Asthma manifestations are increasing, especially early in life, in both
developed and developing countries (3). To date, the main factors related to
the development of asthma have been identified as allergen exposure,
pollutant exposure, endotoxin exposure, immunizations, diet, genetic
predisposition, and exposure to parasites and viruses (3). It has also been
hypothesized that these increases are a consequence of changing diet or
nutrition status (4). These exposures might act directly on the immune
system or end–organs to produce allergic reactions (4). Several studies have
measured anthropometric parameters at birth and examined their
relationship with later incidence of allergic disease. A larger head
circumference at birth was reported to be associated with increased risk of
raised serum IgE level in children and adults (5), whilst low birth weight
and prematurity have been linked to an increased risk of atopic dermatitis
(6).
34
With respect to current nutritional status, obesity has been widely
recognized to be more common among children with asthma, and
associations between asthma and obesity have been observed in
cross–sectional studies of both adults and children (7). Previous studies
reported that higher BMI and being overweight were risk factors for
asthma/wheezing and allergic diseases in children from Japan, Taiwan and
the UK, the countries where childhood obesity is an increasing public health
concern (7–10). Little evidence however exists on the potential association
between undernutrition and current wheezing/asthma and allergic diseases.
In the current study, I examined the relationship between chronic
undernutrition and current wheezing as an asthma symptom in Bangladesh,
where levels of childhood undernutrition are amongst the highest in the
world.
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2.3 Methods
2.3.1 Study area and design
This cross–sectional study was nested within a large–scale
randomized clinical trial of nutrition interventions in pregnancy: the
Maternal and Infant Nutrition Intervention in Matlab (MINIMat) Trial (11)
(trial registration: isrctn.org Identifier: ISRCTN16581394). Matlab is a
rural region of Bangladesh, about 50 km southeast of the capital Dhaka (12).
The International Centre for Diarrhoeal Disease Research, Bangladesh
(icddr,b), has been running a health and demographic surveillance system
(HDSS) in the area since 1966 that covers a population of about 225,000.
Community health research workers visit every household on a monthly
basis to update information on demographic events, such as, marriage,
pregnancy, birth, death, and in–and out–migration, as well as to collect
information on the morbidity of children below 5 years of age and women of
childbearing age. Socioeconomic information, including education and
household assets, is also recorded by periodic censuses (12).
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2.3.2 MINIMat trial (11)
Recruitment of the women in the MINIMat trial was conducted in
the Matlab HDSS area of Bangladesh from November 2001 to October 2003.
Food and micronutrient supplementation was continued until birth of their
children. In brief, women were recruited early in pregnancy through regular
surveillance of the demographic area covered by icddr,b. Consenting women
were randomized to two separate nutritional interventions in pregnancy:
access to food supplementation or receipt of a micronutrient supplement.
For the food intervention, women were randomized to receive
encouragement to attend government sponsored local community nutrition
centres either early in pregnancy (8-10 weeks gestation) or at a time of their
choosing (usually around 20 week gestation). Food supplements that
provided 608 kcal/day energy and 18 g/d of vegetable protein were available
to all attending women. Women participating in the MINIMat trial were
also randomized to receive one of three micronutrient supplements with
identical appearance: 30 mg of iron and 400 µg of folate (Fe30F), 60 mg of
iron and 400 µg of folate (Fe60F) or the combination of 15 micronutrients
(MuMs), later is called UNIMAP (UN multiple micronutrient preparation),
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at or above the recommended daily allowance, which also contained 30 mg of
iron and 400 µg of folate.
2.3.3 Study subjects
The 4,436 mothers in MINIMat were followed during pregnancy
when data on socioeconomic status (SES) and morbidity of mothers were
collected. Information about their children’s gestational age, birth weight,
birth length, head circumference and chest circumference were also
collected at delivery. From these, a total of 3,625 babies were born. The
major reasons for exclusion were abortion (111), miscarriage (236), stillbirth
(89) and out–migration (188). A total of 2,735 children were eligible for a
follow-up assessment when they reached to 4.5 years of age, excluding
out–migration (484), death (168), refused (225) and other reasons (49).
To reduce the burden from many examinations for one child in the
multi–component 4.5 years follow–up study, these children were split into
two groups, according to the calendar year of birth (Group A, one calendar
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year, May 2002 to April 2003; Group B, one calendar year May 2003 to April
2004). The study component of immunity, asthma and allergic diseases was
included in the protocol using Group B children. Basic characteristics were
not statistically different among groups in terms of age, sex and
socioeconomic status.
2.3.4 Study procedures
A 5 ml sample of venous blood was collected to measure total and
specific IgE in serum. The serum samples were kept at minus 700C until
they were analyzed. Total IgE was measured by human IgE quantitative
ELISA kit (Bethyl Laboratories, Inc, Montgomery, TX). Specific IgE level
against house dust–mites (Dermatophagoides pteronyssinus) was measured
by the CAP–FEIA system (Phadia AB, Uppsala, Sweden). Anti–DP IgE >
0.70 UA/ml was considered positive according to the information provided
by the manufacturer. Fresh stools from the participants were collected in
the morning for parasite–eggs examination by routine microscopy. Their
immediate hypersensitivity reaction was tested by a skin prick test using
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mite allergen (Dermatophagoides pteronyssinus) following standard
procedures (Torii Pharmaceutical Co. Ltd. Tokyo, Japan). Skin reactions
were recorded at 20 minutes as the average of the maximum weal diameters.
A swelling size greater than 5mm in diameter was considered positive.
Children’s weight was measured to the nearest 100 gm with a
TANITA digital scale (Tanita Corporation, Tokyo, Japan) with children
wearing light clothes. Height was measured to the nearest 0.1 cm with a
Holtain Stadiometer (Holtain, Birmingham, UK). Stunting, wasting and
underweight were calculated using the WHO Anthro program (version
3.1.0). Stunting was defined as height–for–age z–score < – 2, wasting as
weight–for–height z–score < – 2, and underweight as weight–for–age
z–score < – 2. Mothers’ weights and heights were measured in light clothes
using standardized scales and Stadiometer and BMIs were calculated.
These measurements were taken at the same time as their children’s
assessment at 4.5 years, as well as in early pregnancy at 8 weeks of
gestation.
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Current wheezing, ever wheezing and ever asthma were identified
using the International Study on Asthma and Allergies in Childhood
(ISAAC) questionnaires (13). The written ISAAC questionnaires were
translated into Bangla, the national and local language, following the
ISAAC protocol. A trained expert in both Bangla and English translated the
original ISAAC questionnaires. Then it was back-translated into English by
another bilingual expert. The translated questionnaires were pretested and
necessary modifications made before data collection. The ISAAC
questionnaires were administered by trained interviewers. Current
wheezing was defined as wheezing symptoms in the past 12 months; ever
wheezing was defined as wheezing symptoms at any point in the past; and
ever asthma was defined as asthma symptoms at any point in the past.
Socioeconomic status (SES) was estimated using a wealth index
based on information about household assets and principal component
analysis of that, producing a weighted score (14). Scores were categorized
into quintiles, with category 1 representing the poorest and category 5 the
richest. Season of birth was categorized as pre–monsoon (January to May),
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monsoon (June to September) and post–monsoon (October to December).
2.3.5 Ethical considerations
This study was conducted according to the guidelines laid down in
the declaration of Helsinki and all procedures involving human subjects
were approved by the research review committees and ethical review
committees of both icddr,b and Uppsala University. Written informed
consent was obtained from each child’s legal guardian prior to participation
in the study.
2.3.6 Statistical analysis
Data were categorized and analyzed using SPSS statistics version
20.0 (IBM Corporation, New York, USA). The values of total and specific IgE
were normalized by logarithmic transformation. Descriptive statistics were
performed for age, sex, nutritional status, asthma and wheezing
information, laboratory data, mother’s parity, mother’s BMI, socioeconomic
status and intervention trial arms during pregnancy (11). Firstly, women
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were randomized into two food groups, early in pregnancy (8-10 weeks
gestation) or at a time of their choosing. Each food group were again divided
into 3 micronutrient categories (Fe30F, Fe60F, and MuMs), resulting in a
total of 6 groups. Values were expressed as means, standard deviation (SD)
and percentages (%). Chi–square test was used to assess the association for
categorical variables for current wheezing. Univariate logistic regression
was performed to examine potential risk factors for current wheezing such
as low birth weight, prematurity, stunting, wasting, underweight, allergic
markers, family history of asthma and maternal BMI. Finally, multivariate
logistic regressions were performed including the covariates for current
wheezing identified by univariate analysis. Interactions were tested by
using a cross–product term including stunting and food and micronutrient
supplementation. The risks were estimated as odds ratios (ORs) together
with a 95% confidence interval (95% CI). Two–sided P–values less than 0.05
were considered to be statistically significant.
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2.4 Results
2.4.1 Baseline characteristics of the study participants
Ages of the children at the time of enrollment for this cross–
sectional study ranged from 53.6 to 60.8 months (mean + SD = 54.4 + 0.72
months). Boys represented 52.6% of the sample. Twenty nine percent of the
children were born with low birth weight (< 2500 gm) and 13.9% were
premature (< 37 weeks). Stunted children were 31.7%, wasted were 17.3%,
and underweight were 40.7%. Children with a family history of asthma were
22.0%. The mean maternal BMI was 21.0 and 23.7% of mother had low BMI
(< 18.5). During the supplementation trial, mother’s weight and height were
also measured in early pregnancy at 8 weeks of gestation. The mean of
mother’s BMI at early pregnancy was 23.1 and 26.4% of mothers showed low
BMI (< 18.5) (Table 2.1). Total IgE was (geo mean = 526.44, range: 172.93 –
3039.15). Positivity for serum anti–DP IgE was 44.3%. The skin prick test
with mite antigen showed 15.7% of the study children were positive. For
Ascaris lumbricoids eggs in the stool 17.4 % were positive and for Trichuris
trichura 17.5 % were positive (Table 2.2). Because some of the samples were
not examined due to insufficient amount of blood during collection, the
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study analyzed 912 blood samples for total and specific IgE. Study also
assessed for any differences in characteristics between the children whose
blood was analyzed and those whose was not, and found them to be similar
in characteristics.
2.4.2 Association between nutritional status, current wheezing and asthma
This study found overall incidence of current wheezing was 19.7%,
ever wheezing was 45.2% and ever asthma was 18.0%. Stunted children
were more likely to have current wheezing compared with non–stunted
children (P = 0.007). Underweight children also had higher risk of current
wheezing than non–underweight children (P = 0.046), but wasting did not
show a relationship with current wheezing (P = 0.79). Among the other
variables, family history was strongly associated with current wheezing (P
<0.001). In early pregnancy, mother’s BMI was not related with current
wheezing (P = 0.40) but current mother’s BMI was associated with current
wheezing (P = 0.03), (Table 3). There was no influence of season of birth on
current wheezing (pre–monsoon vs monsoon P = 0.19, pre–monsoon vs
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post–monsoon P = 0.17). Univariate logistic regression analysis revealed
that the stunted children had 1.6 times increased risk of current wheezing
compared with non–stunted children (OR = 1.58, 95% CI: 1.13–2.22), (Table
2.4). Underweight children were also at higher risk of current wheezing
than non–underweight children (OR = 1.39, 95% CI: 1.00–1.94), whereas
wasted children did not show such a trend (OR = 0.94, 95% CI: 0.61–1.46).
Study tested the relationship of current wheezing with stunting,
wasting and underweight in multivariate models and presented the results
in Table 2.4. After adjustment for selected covariates in multivariate logistic
regression analysis, stunting remained associated with current wheezing
(OR = 1.74, 95% CI: 1.19 – 2.56). However, underweight was not associated
after adjustment (OR = 1.28, 95% CI: 0.89 – 1.86), (Table 2.4). Family
history of asthma also remained associated in multivariate analysis (P <
0.001). Similarly, ever wheezing, ever asthma and atopic sensitization
measured by anti–DP IgE were also tested both in univariate and
multivariate analyses, but those were not associated with any of the
nutritional factors (P > 0.05). Furthermore, the relation between current
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wheezing and atopic sensitization such as anti–DP IgE and the skin prick
test were examined but none of them were related (P > 0.05). Current
wheezing was not associated with birth outcome such as low birth weight,
prematurity and birth length (P > 0.05).This study also analyzed morbidity
data for the last 2 weeks and found that current wheezing was related to
other infections such as cough and cold, and diarrhoea (P < 0.001).
2.4.3 Relation of low birth weight, prematurity and childhood malnutrition
Because a relationship between stunting and current wheezing was
found, study examined whether stunting/underweight/wasting is related to
low birth weight/prematurity. Birth characteristics were related to
nutritional status at 1 year of age but were not related to nutritional status
at 2 years and 4.5 years of age. Especially, stunting and underweight at 1
year were related to low birth weight (P < 0.001), prematurity (P < 0.001)
and short birth length (P < 0.001). But stunting, wasting and underweight
at 2 years and 4.5 years were not related to birth outcomes (P > 0.05).
47
2.4.4 Prenatal intervention and current wheezing
Study examined the effects of prenatal food and micronutrient
supplementation during pregnancy (11) on current wheezing of the children.
There was no difference of prevalence of current wheezing between early in
pregnancy (8–10 weeks gestation) and at a time of their choosing (usually
around 20 week gestation) (P = 0.53), between Fe60F group and Fe30F
group (P = 0.94) or between the MMS group and the Fe30F group (P = 0.87).
Study also examined the interactions for the combined effects of food and
multiple micronutrients, but did not find any interaction terms (P > 0.05).
After adjustment of intervention trial arms, the main effects of stunting on
current wheezing still remained associated (P = 0.004).
2.5 Discussion
In the present study it was found that the incidence of wheezing
among children in rural Bangladesh is high, and that stunting, an
indication of long–term chronic malnutrition was associated with current
wheezing in rural Bangladeshi children aged 4.5 years. In particular, the
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positive association of stunting with current wheezing remained after
adjustment for selected covariates. According to UNICEF, 39% of children <
5 years of age in the developing world are stunted, and stunting rates are
the highest in Asia and sub–Saharan Africa (15). A previous study in the
same area suggested that wheezing is a cause of morbidity in rural
Bangladeshi children (16), and there are a number of challenges to provide
optimal management of childhood asthma in developing country settings
(17). A previous study has also shown that underweight children had lower
lung function and lower body fat was associated with higher occurrence of
asthma symptoms (18). They further reported that normal lung growth
might be affected in malnourished children, leading to an increased
likelihood of the occurrence of asthma symptoms (18). The present study
was in agreement with these findings, suggesting that malnutrition might
be a risk factor for current wheezing in Bangladeshi children.
An earlier study suggested that there was a defective T cell
response in malnourished children, and that the proportion of total B cells,
and those bearing the low-affinity IgE receptor (CD23+) increased in
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moderately malnourished children (19), and may cause increased specific
IgE, which leads to wheezing and asthma symptoms. Another recent study
mentioned that populations in low–income countries, particularly
post–weaning children are likely to have deficient intake of long chain
polyunsaturated fatty acid (LCPUFA), which might affect immune function
(20). A number of studies have drawn attention to the thymus as a potential
mediator of the immunological consequences of undernutrition. The
long–term consequences of early undernutrition for thymic development
and function are not known, but the thymus has been hypothesized as a
mediator of the associations between undernutrition and symptoms of
atopic and autoimmune disease (21). However, this study did not find any
relation between atopic sensitization and current wheezing, suggesting that
wheezing in rural Bangladeshi children is mostly non atopic, similar to a
previous Latin American study in children and adolescents in
underprivileged populations (22). The association between asthma and
atopic sensitization increases with economic development, which is mostly
evidenced in industrialized countries. In the ISAAC Phase II study, the
population fraction of asthma attributable (PAF) to atopy, measured by the
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skin prick test was 41% in affluent countries but only 20% in non–affluent
countries in children aged 8–12 years (23). Moreover, in two Latin American
study centres included in the ISAAC Phase II study (Pichincha Province,
Ecuador and Uruguaiana, Brazil), only 11% of asthma was attributable to
the skin prick test, while a study of children of the same age living in rural
Esmeraldas Province in Ecuador showed that only 2.4% of asthma was
attributable to the skin prick test (24). Therefore, this study data indicates
that undernutrition in the children of the present study may not trigger
atopy but may influence the immune functions, leading to the development
of wheezing symptoms.
Stunting is a chronic form of malnutrition and its causative factors
are poorly understood. It may start from intrauterine life and the peak
incidence is before 2 years of life (25). A recent review suggested that
stunting in early childhood is caused mainly by chronic enteric diseases (26).
A lack of access to safe water results in a cycle of enteric infections. Those
infections are associated with a decrease in the absorption of
macronutrients and micronutrients, and increases in systemic
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inﬂammation, and each of these processes may contribute to growth delay.
This review also found evidence that, such nutritional stunting from enteric
disease in early life also has longstanding eﬀects on risk factors for diabetes
and cardiovascular diseases (26), which is also related to immune functions.
The present study found nutritional status at 1 year was related to
birth outcome, but did not find any relation between 2 and 4.5 years
nutritional statuses and birth outcome. This suggested that malnutrition in
infancy was related to birth outcomes, but not related after 2 years of life. It
may suggest that malnutrition at 4.5 years old is related to chronic infection
or lack of proper intake of nutrition rather than birth outcome.
There are a number of important strengths of the current
cross–sectional study including the large sample size and good retention of
participants; 76% of eligible individuals born during the maternal trial were
successfully recruited at 4.5 years of age. However, this study was conducted
inside the well organized health and demographic surveillance system area,
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so the participants of this study were easily accessible and well managed. If
I conduct similar type of study in the other parts of Bangladesh, the results
might be a bit different. I will consider these factors in my further research.
The sample size of this study was relatively large and the resulting effect
estimates exhibited tight confidence intervals, promoting confidence in the
results reported.
There were several limitations to the present study. First, this was
a cross–sectional study; therefore, the data did not provide direct
information on whether stunting is a cause of the development of current
wheezing. Second, we used questionnaires based on the ISAAC to diagnose
current wheezing. Wheezing in children may be attributed to allergic
asthma, exercise–induced asthma or be a symptom of viral or other
respiratory infections. The term wheezing is also often misinterpreted by
parents and this may produce overestimation or underestimation of the
symptoms. However, the ISAAC questionnaires have been extensively used
worldwide and it has reportedly provided an acceptable estimation of the
prevalence of asthma in children 2–6 years of age (27). Third, information on
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serum micronutrient values was not available, although it is likely that
stunted children also lack critical micronutrients. It has been hypothesized
that prenatal vitamin D deficiency may affect fetal lung and immune system
development and that it is likely to be exacerbated by postnatal vitamin D
deficiency (28). A systematic review and meta–analysis have shown that
insufficient intake of maternal vitamins A, C, D and E were risk factors for
developing asthma in children (4). It was also found that higher maternal
intake of vitamin D and E during pregnancy was associated with reduced
risk of wheezing in children (28). Preliminary data of this study including
123 children, whose cord blood vitamin levels and wheezing status at 4.5
years are available, showed no association between cord blood vitamin D
status and current wheezing symptom in children (Hawlader MDH -
unpublished data). However, because of the small sample size, more work
needs to be done to examine the relationship between serum vitamin levels
and wheezing. Furthermore, wheezing has many other risk factors such as
exposure to allergen (29, 30), tobacco smoking (31, 32), air pollution (33) and
exposure to animal (34) which could not include in this study due to budget
constrain and time limit. In future research I will consider these risks.
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2.6 Conclusion
In conclusion, this study suggests that chronic malnutrition has an
influence on current wheezing in rural Bangladeshi children. Further
analysis is required to examine the exact mechanism between nutritional
factors and asthma and allergic responses in populations, such as in rural
Bangladesh, with a high degree of undernutrition and a growing prevalence
of asthma and atopic disease.
2.7 References
1. Nurmatov U, Nwaru BI, Devereux G, Sheikh A. Confounding and effect
modification in studies of diet and childhood asthma and allergies. Allergy. 2012
Aug; 67(8):1041-1059.
2. Braman SS. The global burden of asthma. Chest. 2006 Jul; 130(1 Suppl):4S-12S.
3. Matsui EC, Matsui W. Higher serum folate levels are associated with a lower risk
of atopy and wheeze. J Allergy Clin Immunol. 2009 Jun; 123(6):1253-1259.
4. Nurmatov U, Devereux G, Sheikh A. Nutrients and foods for the primary
prevention of asthma and allergy: systematic review and meta-analysis. J Allergy
Clin Immunol. 2011 Mar; 127(3):724-733.
5. Godfrey KM, Barker DJ, Osmond C. Disproportionate fetal growth and raised IgE
concentration in adult life. Clin Exp Allergy. 1994 Jul; 24(7):641-648.
55
6. Olesen AB, Ellingsen AR, Olesen H, Juul S, Thestrup-Pedersen K. Atopic
dermatitis and birth factors: historical follow up by record linkage. BMJ. 1997
Apr 5; 314(7086):1003-1008.
7. Okabe Y, Adachi Y, Itazawa T, Yoshida K, Ohya Y, Odajima H, Akasawa A,
Miyawaki T. Association between obesity and asthma in Japanese preschool
children. Pediatr Allergy Immunol. 2012 Sep; 23(6):550-555.
8. Kajbaf TZ, Asar S, Alipoor MR. Relationship between obesity and asthma
symptoms among children in Ahvaz, Iran: a cross sectional study. Ital J Pediatr.
2011 Jan 6;37:1
9. Yao TC, Ou LS, Yeh KW, Lee WI, Chen LC, Huang JL; PATCH Study Group.
Associations of age, gender, and BMI with prevalence of allergic diseases in
children: PATCH study. J Asthma. 2011 Jun; 48(5):503-510.
10. Figueroa-Muñoz JI, Chinn S, Rona RJ. Association between obesity and asthma
in 4-11 year old children in the UK. Thorax. 2001 Feb; 56(2):133-137.
11. Persson LÅ, Arifeen S, Ekström EC, Rasmussen KM, Frongillo EA, Yunus M;
MINIMat Study Team. Effects of Prenatal Micronutrient and Early Food
Supplementation on Maternal Hemoglobin, Birth Weight, and Infant Mortality
among Children in Bangladesh. JAMA. 2012 May 16; 307(19):2050-2059.
12. Razzaque A and Streatfield PK. Matlab DSS, Bangladesh. INDEPTH Monograph.
Volume 1 Part C. http://www.indepth-network.org/dss_site_profiles/matlab.pdf
(Accessed on March 2012).
13. Leung R, Wong G, Lau J, Ho A, Chan JK, Choy D, Douglass C, Lai CK.
Prevalence of asthma and allergy in Hong Kong schoolchildren: an ISAAC study.
Eur Respir J. 1997 Feb; 10(2):354-360.
14. Davidson R. Gwatkin, Shea Rustein, Kiersten Johnson, Rohini P. Pande, and
Adam Wagstaff . Socioeconomic Differences in Health, Nutrition, and Population
in Bangladesh. May 2000. Available from:
56
http://siteresources.worldbank.org/INTPAH/Resources/Publications/C
ountry-Reports/bangladesh.pdf (Accessed on March, 2012).
15. http://www.unicef.org/pon00/leaguetos1.htm (Accessed on March 2012).
16. Zaman K, Takeuchi H; Md Yunus, El Arifeen S, Chowdhury HR, Baqui AH,
Wakai S, Iwata T. Asthma in rural Bangladeshi children. Indian J Pediatr. 2007
Jun; 74(6):539-543.
17. Zar HJ, Levin ME. Challenges in Treating Pediatric Asthma in Developing
Countries. Paediatr Drugs. 2012 Dec 1; 14(6):353-359.
18. Berntsen S, Lødrup Carlsen KC, Hageberg R, Aandstad A, Mowinckel P,
Anderssen SA, Carlsen KH. Asthma symptoms in rural living Tanzanian children;
prevalence and the relation to aerobic fitness and body fat. Allergy. 2009 Aug;
64(8):1166-1171.
19. Hagel I, Lynch NR, Puccio F, Rodriguez O, Luzondo R, Rodríguez P, Sánchez P,
Cabrera CM, Di Prisco MC. Defective Regulation of the Protective IgE Response
against Intestinal Helminth Ascaris lumbricoides in Malnourished Children. J
Trop Pediatr. 2003 Jun; 49(3):136-142.
20. Prentice AM, van der Merwe L. Impact of fatty acid status on immune function of
children in low-income countries. Matern Child Nutr. 2011 Apr; 7 Suppl 2:89-98.
21. McDade TW, Beck MA, Kuzawa CW, Adair LS. Prenatal Undernutrition and
Postnatal Growth Are Associated with Adolescent Thymic Function. J Nutr. 2001
Apr; 131(4):1225-1231.
22. Pereira MU, Sly PD, Pitrez PM, Jones MH, Escouto D, Dias AC, Weiland SK,
Stein RT. Non atopic asthma is associated with helminth infections
and bronchiolitis in poor children. Eur Respir J. 2007 Jun; 29(6):1154-1160.
57
23. Weinmayr G, Weiland SK, Björkstén B, Brunekreef B, Büchele G, Cookson WO,
Garcia-Marcos L, Gotua M, Gratziou C, van Hage M, von Mutius E, Riikjärv MA,
Rzehak P, Stein RT, Strachan DP, Tsanakas J, Wickens K, Wong GW; ISAAC
Phase Two Study Group. Atopic sensitization and the international variation of
asthma symptoms prevalence in children. Am J Respir Crit Care Med. 2007 Sep
15; 176(6):565-574.
24. Moncayo AL, Vaca M, Oviedo G, Workman LJ, Chico ME, Platts-Mills TA,
Rodrigues LC, Barreto ML, Cooper PJ. Effects of geohelminth infection and age
on the associations between allergen-specific IgE, skin test reactivity and wheeze:
a case-control study. Clin Exp Allergy. 2013 Jan; 43(1):60-72.
25. Ahmed AM, Ahmed T, Roy SK, Alam N, Hossain MI. Determinants of
undernutrition in children under 2 years of age from rural Bangladesh. Indian
Pediatr. 2012 Oct; 49(10):821-824.
26. DeBoer MD, Lima AA, Oría RB, Scharf RJ, Moore SR, Luna MA, Guerrant RL.
Early childhood growth failure and the developmental origins of adult disease: do
enteric infections and malnutrition increase risk for the metabolic syndrome?
Nutr Rev. 2012 Nov; 70(11):642-653.
27. Takeuchi H, Zaman K, Takahashi J, Yunus M, Chowdhury HR, Arifeen SE, Baqui
A, Wakai S, Iwata T. High titre of anti-Ascaris immunoglobulin E associated with
bronchial asthma symptoms in 5-year-old rural Bangladeshi children. Clin Exp
Allergy. 2008 Feb; 38(2):276-282.
28. Litonjua AA, Weiss ST. Is vitamin D deficiency to blame for the asthma
epidemic? J Allergy Clin Immunol. 2007 Nov; 120(5):1031-1035.
29. Gold DR. Environmental tobacco smoke, indoor allergens, and childhood
asthma. Environ Health Perspect. 2000 Aug; 108 Suppl 4: 643-651.
30. Kelly LA, Erwin EA, Platts-Mills TA. The indoor air and asthma: the role of cat
allergens. Curr Opin Pulm Med. 2012 Jan; 18(1): 29-34.
58
31. Sakai H, Fujita A, Watanabe A, Chiba Y, Kamei J, Misawa M. Different effects
of smoke from heavy and light cigarettes on the induction of bronchial smooth
muscle hyperresponsiveness in rats. J Smooth Muscle Res. 2011; 47(1): 1-10.
32. Pichilingue AP, Ono JQ. Passive smoking could still represent a risk factor in
Mexican children with asthma. Asia Pac Allergy. 2013 Apr; 3(2): 140.
33. Sheppard L, Levy D, Norris G, Larson TV, Koenig JQ. Effects of ambient air
pollution on nonelderly asthma hospital admissions in Seattle, Washington,
1987-1994. Epidemiology 1999 Jan; 10(1): 23-30.
34. Almqvist C, Egmar AC, Hedlin G, Lundqvist M, Nordvall SL, Pershagen G,
Svartengren M, van Hage-Hamsten M, Wickman M. Direct and indirect
exposure to pets - risk of sensitization and asthma at 4 years in a birth cohort.
Clin Exp Allergy. 2003 Sep; 33(9):1190-1097.
59
Table 2.1: Baseline characteristics of the study participants (n=912)
Characteristics n %
Gender
Male 480 52.6
Low birth weight (< 2500 gm) 241 26.4
Premature (Gestational Age < 37 week) 125 13.9
Stunting (height-for-age Z-score < – 2) 289 31.7
Wasting (weight-for-height Z-score < – 2) 158 17.3
Underweight (weight-for-age Z-score < – 2) 371 40.7
Ever wheezing (Yes) 412 45.2
Current wheezing (Yes) 180 19.7
Ever asthma (Yes) 164 18.0
Family history of asthma
Father 50 5.5
Mother 63 6.9
Brother or sister 135 14.8
Total 201 22.0
Socioeconomic status (calculated by asset score)
Poor 148 16.2
Below Middle 187 20.5
Middle 180 19.7
Upper Middle 195 21.4
Rich 202 22.1
Mother’s BMI at 4.5 yrs follow up 21.0 + 3.5*
Mother’s BMI (Prenatal) 23.1 + 2.9*
Age of the children (month) 54.4 + 0.7*
*Mean + SD
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Table 2.2: Mean values of total and specific IgE, skin prick test and egg
counts of helminth in stool
Positive (%)
Total IgE (IU/ml) 526.44 (172.93 – 3039.15)*
Log anti-DP IgE (UA/ml) 44.3
Mite antigen skin prick test (>5mm) 15.2
Ascaris Lumbricoids (159/912) 17.4
Trichuris Trichura (160/912) 17.5
*Geometric mean (range), DP-Dermatophyte Pteronyssinus, IgE-Immunoglobulin E
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Table 2.3: Association between current wheezing and different parameters
Yes (n)   % No (n) % P value
Sex Male 92 (19.2) 388 (80.8) 0.648
Female 88 (20.4) 344 (79.6)
Low Birth weight Yes 50 (20.7) 191 (79.3) 0.610
No 114 (19.2) 480 (80.8)
Prematurity Yes 24 (19.2) 101 (80.8) 0.920
No 152 (19.6) 625 (80.4)
Stunting Yes 72 (24.9) 217 (75.1) 0.007
No 108 (17.3) 515 (82.7)
Wasting Yes 30 (19.0) 128 (81.0) 0.795
No 150 (19.9) 604 (80.1)
Underweight Yes 85 (22.9) 286 (77.1) 0.046
No 95 (17.6) 446 (82.4)
Anti-Ascaris IgE Positive 131 (20.6) 505 (79.4) 0.322
Negative 49 (17.8) 227 (82.2)
Anti-DP IgE Positive 82 (20.3) 322 (79.7) 0.705
Negative 98 (19.3) 410 (80.7)
Mite antigen skin Positive 28 (20.1) 111 (79.9) 0.928
prick test Negative 148 (19.8) 599 (80.2)
Tuberculin test Positive 7 (18.4) 31 (81.6) 0.835
Negative 173 (19.8) 701 (80.2)
Family history Positive 75 (37.3) 126 (62.7) <0.000
of asthma Negative 105 (14.8) 606 (85.2)
Maternal BMI Low 40 (22.5) 138 (77.5) 0.033
Normal 113 (15.7) 605 (84.3)
Maternal BMI (prenatal) Low 52 (28.9) 189 (71.1) 0.403
Normal 128 (25.8) 543 (74.2)
IgE = Immunoglobulin E, DP = Dermatophyte Pteronyssinus
Stunting = height–for–age Z–score < – 2, Wasting = weight–for–height Z–score < – 2,
Underweight = weight–for–age Z–score < – 2.
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Table 2.4: Univariate and multivariate logistic regression analysis with
current wheezing as dependent variable
Current wheezing
Crude OR 95% CI Adjusted OR 95% CI
Stunting 1.58 1.13 – 2.22* 1.74 1.19 – 2.56*
Wasting 0.94 0.61 – 1.46 0.88 0.54 – 1.44
Underweight 1.39 1.00 – 1.94* 1.28 0.89 – 1.86
*P<0.05
†OR = Odds Ratio, CI = Confidence Interval
Adjustment done by sex, birth weight, birth length, gestational age at birth, mother’s parity,
maternal BMI, family history of asthma, socio-economic status, season of birth and
intervention trial arms.
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Figure 2.1: Study area
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Figure 2.2: Flow chart of the study children
Excluded (n= 845)
Miscarage (n=236)
Abortion (n=111)
Stillbirth (n=89)
Migrated out (n=188)
Refused (n=129)
Absent (n=73)
Other reasons (n=19)
Randomized women (n=4436)
Live birth (n=3625)
Singleton live birth (n=3591)
Excluded (n= 890)
Migrated out (n=
448)
Death (n=168)
Refused (n=225)
Other reasons
(n=49)
Follow-up at 4.5 yrs (Group A & B)
n=2735
Group B (n-1303)
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Fig 2.3: Distribution of Height for Age Z score (stunting)
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Fig 2.4: Distribution of Weight for Height Z score (wasting)
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Fig 2.5: Distribution of Weight for Age Z score (underweight)
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CHAPTER 3
Association between helminth infections and
asthma/or atopy: a cross–sectional study
among Bangladeshi children
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3.1 Summary
Still there is controversy whether helminthic infections can cause or
protect asthma and atopy. Aim of this study was to investigate the effects of
helminthic infections on asthma and atopy among Bangladeshi children.
912 children aged 4.5 years (mean + SD = 54.4 + 0.72 months) participated
in a cross–sectional study nested into a randomized controlled trial in
Bangladesh. Ever asthma, ever wheezing and current wheezing were
identified using the International Study of Asthma and Allergies in
Childhood questionnaires (ISAAC). Current helminth infections were
defined by presence of helminth eggs in stool, measured by routine
microscopic examination. Repeated Ascaris infection was defined by
presence of anti–Ascaris IgE > 0.70 UA/ml in serum measured by CAP-FEIA
method. Atopy was defined by specific IgE to house dust mite (anti–DP IgE)
> 0.70 UA/ml measured by CAP-FEIA method and/or positive skin prick test
(>5 mm). Anti–Ascaris IgE was associated with ever asthma (odds ratio =
1.86, 95% CI: 1.14-3.04, highest vs. lowest quartile; P for trend = 0.016).
Anti–Ascaris IgE was also associated with positive anti–DP IgE (OR = 9.89,
95% CI: 6.52-15.00, highest vs. lowest; P for trend < 0.001) and positive skin
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prick test (OR = 1.69, 95% CI: 1.01-2.81, highest vs. lowest, P for trend =
0.076). These findings suggest that repeated Ascaris infection could be a
risk factor for asthma and atopy in rural Bangladeshi children. Further
analysis required to examine the mechanism of developing asthma and
atopy in relation to helminthic infections.
3.2 Introduction
Asthma and allergic diseases are becoming an important public
health problem in many middle and low–income countries. Asthma is a
chronic inflammatory disease of the airways and one of the most common
diseases in childhood. Atopy is increased level of immunoglobulin against
common allergen such as house dust mite. Currently asthma affects 300
million people worldwide (1). Some estimates stated that, lifetime
prevalence of atopic dermatitis in school children in western countries is
now in the range of 10% to 20%. In the United States, the prevalence of
asthma rose from 30.7 per 1000 in 1980 to 53.8 per 1000 in 1993–1994 (2). In
western countries serial prevalence studies have shown an increase trends
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in the prevalence of childhood asthma and airways hyperresponsiveness (3).
It has been said that the cause of allergic diseases is multifactorial (4).
There is now increasing interest in whether helminthic infections can cause
or protect against asthma and atopy. It is estimated that 2 billion people
worldwide are currently infected with the intestinal parasites Ascaris
lumbricoids, Trichuris trichiura, hookworm, and Strongyloides stercoralis
(5). As many as 150,000 deaths per annum (at an incidence rate of 0.015%)
may be attributed to intestinal helminthiases (6). Previous study mentioned
that multidimensional relationship between helminthic infections with
asthma and atopy (7). However, association between helminth infections
and childhood asthma and atopy still remain controversial (8). In the
current study, I examined the effects of helminthic infections on asthma and
atopy among children in Bangladesh, where repeated helminth infections
are presence and prevalence of asthma and atopy is increasing.
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3.3 Methods
3.3.1 Study area and population
This cross–sectional study was nested into a large–scale randomized
clinical trial of nutrition interventions in pregnancy; the Maternal and
Infant Nutrition Intervention in Matlab (MINIMat) Trial [9] (trial
registration: isrctn.org Identifier: ISRCTN16581394). Matlab is a rural
region of Bangladesh, about 50 km southeast of the capital Dhaka (10). The
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b),
has been running a health and demographic surveillance system (HDSS) in
the area since 1966 that covers a population of about 220,000. Community
health research workers visit every household on a monthly basis to update
information on demographic events, such as, marriage, pregnancy, birth,
death, and in–and out–migration, as well as to collect information on the
morbidity of children below 5 years of age and women of childbearing age.
Socioeconomic information, including education and household assets, is
also recorded by periodic censuses (10).
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3.3.2 Study subjects and design
The 4,436 mothers in MINIMat trial were followed during pregnancy
when data on socioeconomic status (SES) and morbidity of mothers were
collected. Information about their children’s gestational age, birth weight,
birth length, head circumference and chest circumference were also
collected at delivery. Out of these, a total of 3,625 singleton babies were born,
excluding abortion (111), miscarriage (236), still birth (89), outmigration
(188 and others (187). A total of 2,745 children were eligible for a follow–up
assessment when they reached to 4.5 years of age excluding outmigration
(448), death (168), refused (225) and other reasons (39).To reduce the burden
from many examinations for one child in the multi–component 4.5 years
follow–up study, these children were split into two groups, according to the
year of birth (Group A, May 2002 to April 2003; Group B May 2003 to April
2004). The study component of immunity, asthma and allergic diseases was
included in the protocol using Group B children. Basic characteristics were
not statistically different among groups in terms of age, sex and
socioeconomic status.
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3.3.3 Laboratory procedures
Stools from the participants were collected in the morning for
helminth egg counts by routine microscopy examination. After the count,
number of eggs were categorized into low < 5/high power field (hpf),
moderate 5–10/hpf and high >10/hpf and also grouped as positive and
negative according to their presence or absence in the stool during
examination. 5 ml of venous blood was collected to measure specific IgE
against Ascaris and house dust–mite (Dermatophagoides pteronyssinus) in
serum. The serum samples were separated and kept at –700 C until they
were analyzed. Specific IgE level against Ascaris and house dust–mites
(Dermatophagoides pteronyssinus) were measured by the CAP-FEIA
method (Phadia AB, Uppsala, Sweden). Both of anti–Ascaris IgE and
anti–DP IgE > 0.70 UA/ml was considered positive according to the
guideline provided by the manufacturer. Immediate hypersensitivity
reaction was tested by a skin prick test using a mite allergen
(Dermatophagoides pteronyssinus) following standard procedures (Torii
Pharmaceutical Co. Ltd. Tokyo, Japan). Skin reactions were recorded at 20
minutes as the average of the maximum wheel diameters. A swelling size
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equal or greater than 5mm in diameter was considered positive. Atopy was
defined as IgE against dust mites (Dermatophagoides pteronyssinus) > 0.70
UA/ml and or presence of positive skin prick test.
3.3.4 Questionnaires
Ever asthma, ever wheezing and current wheezing were identified
using the International Study on Asthma and Allergies in Childhood
(ISAAC) questionnaires (11). Ever asthma was defined as asthma symptoms
at any point in the past. Ever wheezing was defined as wheezing symptoms
at any point in the past and current wheezing was defined as wheezing
symptoms within last 12 months. The written ISAAC questionnaires were
translated into Bangla, the national and local language, following the
ISAAC protocol. A trained expert in both Bangla and English translated the
original ISAAC questionnaires. Then it was back-translated into English by
another bilingual expert. The translated questionnaires were pretested and
necessary modifications made before data collection. The ISAAC
questionnaires were administered by trained interviewers.
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3.3.5 Ethical consideration
This study was approved by the research review committees and
ethical review committees of both icddr,b and Uppsala University. Written
informed consent was obtained from each child’s legal guardian prior to
participation in the study.
3.3.6. Statistical analysis
Data were categorized and analyzed using SPSS statistics version
21.0 (IBM Corporation, NY, USA). Descriptive statistics were performed for
age, sex, asthma information, specific IgE, skin prick test, history of
diarrhoea and parasites egg counts. Values were expressed as means,
standard deviation (SD), number (n) and percentage (%). Socioeconomic
status (SES) was estimated using a wealth index based on information
about household assets and principal component analysis of that, producing
a weighted score [12]. Scores were categorized into quintiles, with category 1
representing the poorest and category 5 the richest. Anti–Ascaris IgE was
classified into quartiles based on the distribution of the study participants.
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The linear trend of association with ever asthma, positive anti–DP IgE and
positive skin prick test were tested by an ordinal variable for quartiles of
anti–Ascaris IgE titre. Univariate logistic regression was performed to
examine the association between anti–Ascaris IgE, A. lumbricoids egg
counts, T. trichiura egg counts and asthma and atopy. Finally, multivariate
logistic regressions were performed including the available covariates (sex,
socioeconomic status, family history of asthma, history of diarrhoea and
intervention trial arm) for asthma and atopy. The associations were
estimated as odds ratios (ORs) together with a 95% confidence interval (95%
CI). Two–sided P–values less than 0.05 were considered to be statistically
significant.
3.4. Results
The age of the children in this cross–sectional study was (mean + SD
= 54.4 + 7.2 months). Boys represented 52.6% of the sample. Ever asthma
was found in 18.0% children, current wheezing was in 19.7% children and
ever wheezing in 45.2% children. Family history of asthma was positive for
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22.0% of children. Anti–Ascaris IgE was positive for 69.7% of children and
anti–DP IgE was positive for 44.3% of children. The skin prick test with
mite antigen (Dermatophagoides pteronyssinus) showed 15.7% of the study
children were positive (Table 3.1). To see the intensity of active infections of
helminth, we have seen the details of helminth egg counts. Where, A.
lumbricoids eggs in the stool was 17.4 % positive, T. trichiura was 17.5%
positive, Hookworm was scanty, only 0.4% positive. We also categorized all
egg counts in low, moderate and high variety and found low level of Ascaris
eggs in stool is 11.0%, moderate level of eggs is 5.8% and scanty in high level
group, only 0.6%. Most of the Trichuris eggs in low level (16.9%) and very
few in moderate level (0.6%) but none in high level (Table 3.2).
Univariate logistic regression analysis revealed that anti–Ascaris IgE
was associated with ever asthma (OR = 1.93, 95% CI: 1.23-2.04, highest
compared with lowest quartile; P for trend = 0.007) but it was not associated
with current wheezing (OR = 1.40, 95% CI: 0.91-2.17; highest compared
with lowest quartile) or ever wheezing (OR = 1.04, 95% CI: 0.73-1.48;
highest compared with lowest quartile). Study also analyzed the relation
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between ever asthma with anti–Ascaris IgE as positive and negative and
found related in univariate (OR = 1.49, 95% CI: 1.00-2.20) analysis but was
not associated after adjustment in multivariate analysis (OR = 1.34, 95% CI:
0.86-2.09). A. lumbricoids and T. trichiura egg counts in stool did not show
any association with ever asthma (OR = 0.78, 95% CI: 0.48-1.25) and (OR =
1.02, 95% CI: 0.65-1.60). In multivariate model, after adjustment for
available co–variables, anti–Ascaris IgE remained associated with ever
asthma (OR = 1.86, 95% CI: 1.1-3.04, highest compared with lowest quartile;
P for trend = 0.016) (Table 3.3). Study also tested whether any correlation
between stool egg counts and anti–Ascaris IgE, but found there was no such
influence (P = 0.21).
Study found that anti–Ascaris IgE was associated with anti–DP IgE
(OR = 9.93, 95% CI: 6.57-15.00, highest compared with lowest quartile; P for
trend < 0.001) in univariate model. After adjustment for available
co–variables, the relation between anti–Ascaris IgE and anti–DP IgE
remained associated (OR = 9.89, 95% CI: 6.52-15.00, highest compared with
lowest quartile; P for trend < 0.001). Study analyzed relationship between
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positive anti–DP IgE with anti–Ascaris IgE as positive/negative and found
related both in univariate (OR = 5.34, 95% CI: 3.80-7.50) and multivariate
(OR = 5.33, 95% CI: 3.77-7.53) analysis. Study also found that boys
comparing with girls were associated with anti–DP IgE both in univariate
(OR= 1.52, 95% CI: 1.17-1.98) and multivariate analysis (OR = 1.48, 95% CI:
1.11-1.96) (Table 3.4).
Study further tested the association between Ascaris egg counts and
anti–Ascaris IgE with skin prick test and it was observed that Ascaris egg
counts was not associated both in univariate and multivariate analysis (OR
= 1.00, 95% CI: 0.62-1.61) and (OR = 1.01, 95% CI: 0.62-1.65). But
anti–Ascaris IgE was associated both in univariate (OR = 1.68, 95% CI:
1.01-2.79, highest compared with lowest quartile, P for trend = 0.079) and
multivariate analysis (OR =1.69, 95% CI: 1.01-2.81, highest compared with
lowest quartile, P for trend = 0.076). Skin prick test was also associated
while tested for the association with anti–Ascaris IgE (OR = 1.63, 95% CI:
1.06-2.50) as positive/negative (Table 3.5). In addition, anti–DP IgE and
skin prick test had no association with ever asthma (OR = 0.91, 95% CI:
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0.51-1.61) and OR = 1.37, 96% CI: 0.83-2.28).
3.5 Discussion
This study found that anti–Ascaris IgE could be a risk factor for
asthma and atopy in children. In particular, the positive association of ever
asthma and atopy with elevated serum anti–Ascaris IgE, which is similar to
the previous study (13). But stool egg counts were not associated with any of
them. Elevated serum IgE to a helminth does not indicate an active
infection, because it reflects both current and past infection (14, 15). That
means the repeated Ascaris infections rather than only present infection is
risk factor for asthma and atopy in children. Earlier study mentioned that
helminth infections have been associated with both reduced and increased
prevalence of atopy in different populations. The study also indicated that
immune regulatory effects of tissue helminths are likely to be stronger than
those of geohelminths. It is likely that specific host immune regulatory
mechanisms may be partly determined by host genetics. Individuals who
are genetically susceptible to atopic disease may be more likely to develop
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allergic response to helminth (16).
Exactly 100 years ago Herrick was the first to recognize that
helminth infections can trigger asthma (17). After his work in early 20th
century, very little attention was paid to the potential links between
endoparasitic infestations and asthma until 1970s. Many literatures
suggested that further evidence is needed to either support or disprove the
hypothesis that parasites cause asthma and allergy. A more recent
systematic review and meta–analysis of 30 cross–sectional studies found
that an inverse relationship between asthma and geohelminths was seen for
hookworm infection and that this effect was infection intensity related.
However, A. lumbricoids appeared to increase asthma risk while T. trichiura
had no effect (18) which is similar to my findings. In this study area
helminth infections is endemic but intensity of infection is not very high,
rather low intensity but continuous presence of infection might causing
allergic sensitization. In this study, it was found that ever asthma was
associated with Ascaris infection but not current wheezing or ever wheezing.
It is postulated that, wheezing symptoms may be misinterpreted by parents.
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And wheezing in children is mostly related to lower respiratory tract
infection which is caused by common respiratory viral or bacterial infections.
But asthma is more specific disease and usually diagnosed by medical
personnel.
Previous studies have provided conflicting evidence showing that
helminthic infections either inhibits (19, 20), cause (21), or unrelated to
asthma and atopic diseases (22, 23). The role of anti–Ascaris IgE in the
development of asthma is not clear. One possible explanation in the relation
is that elevated anti–Ascaris IgE levels might be associated with larval
migration after re–infection, as Ascaris migrate through the lungs during
maturation and causes pulmonary infiltrates of Th2 immunity and episodic
airway obstruction associated with wheezing (24). It is postulated that due
to high prevalence of infection in this area, Ascaris repeated infection, larval
migration, and the related asthma symptoms seems to be frequent. Another
explanation is that anti–Ascaris IgE acts as IgE specific to common inhaled
aero–antigens directly triggering mast cell activation (25). This finding is
supported by two other studies that researchers who handled helminth,
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suffered from wheezing (26) and fisherman who represented wheezing
caused by IgE mediated hypersensitivity to common earthworms (27). The
third explanation is that, the higher anti–Ascaris IgE levels in the wheezing
group might simply mean that atopic children produce more anti–Ascaris
IgE in response to Ascaris infection (28). More explanations are, human
immune response to helminth infections is associated with elevated level of
IgE, tissue eosinophilia and mastocytosis and the presence of CD4+ T cells
that preferentially produce IL-4, IL-5 and IL-13 (29). And parasites in the
tissues stimulate a strong localized Th2 response, characterized by an
eosinophil–rich inflammatory infiltrate (30).
This study confirms the existence of association between repeated
Ascaris infections which were shown by anti–Ascaris IgE and atopy. The
intriguing “Hygiene Theory” suggests that infectious exposure, or its lack,
produces the climate for development of atopy. On the one hand, because of
a lack of bacterial infections (or viral infections through immunization),
lower levels of IL-12 result in decreased Th1 stimulation which allows the
bias of the immune system toward Th2 to be realized. On the other hand,
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exposure to parasites may influence Th1 dominance (31, 32).
In this study skin prick test was not related to helminth egg counts
but it was related with anti–Ascaris IgE. Skin prick test in relation with
helminth infections may depend on intensity and chronicity of helminth
infections. Thus the lack of an effect of present worm infection on skin prick
test reactivity in my study and those of Palmer et al (21) and Cooper et al
(23) might be due to the rather lower intensities than those in which skin
prick test reactivity was inversely related with helminthiases (31). It is
postulated that geohelminths infections were suppressing skin prick test
reactivity to aeroallergens on the basis of a biological model in which
helminth infections might inhibit actively allergic eﬀector responses
including immediate hypersensitivity (32). In this study there was no
association between asthma and atopy which is similar to previous Latin
American study in children and adolescents in underprivileged populations
(33). That means asthma in our study area is non–atopic type. The
association between asthma and atopic sensitization increase with economic
development, which is mostly evidenced in industrialized country. In the
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ISAAC Phase II study, the population fraction of asthma attributable (PAF)
to atopy measured by skin prick test was 41% in affluent countries but only
20% in non–affluent countries in children aged 8–12 years (34). Moreover, in
the two Latin American study centres included in the ISAAC Phase II study
(Pichincha Province, Ecuador and Uruguaiana, Brazil), only 11% of asthma
was attributable to skin prick test, while a study of children of the same age
living in rural Esmeraldas Province in Ecuador showed that only 2.4% of
asthma was attributable to skin prick test. The weak associations between
asthma and atopy in such populations could be explained by the attenuation
of atopy or Th2–mediated allergic responses by environmental factors
including chronic helminth infections (35).
Strength of the current cross–sectional study is the relatively large
sample size, promoting confidence in the results reported. Other strength is
the compact age group of study participants and unique demographic and
socioeconomic status. There were several limitations to the present study.
First, this was a cross–sectional study; therefore, the data did not provide
direct information on whether Ascaris infection is a cause of the
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development of asthma and atopy. Second, the study could not measure lung
function test, which is stronger evidence in relation to diagnosis of asthma.
Another weakness, this study used a questionnaires based on the ISAAC to
diagnose wheezing and asthma. The term wheezing is also sometime
misinterpreted by parents and this may produce overestimation or
underestimation of the symptoms; however, asthma is more specific disease
and mostly diagnosed by medical personnel. Moreover, the ISAAC
questionnaires have been extensively used worldwide and it has reportedly
provided an acceptable estimation of the prevalence of asthma in children
2-6 years of age.
3.6 Conclusion
In conclusion, this study suggests that Ascaris infection could be a
risk factor for asthma and atopy in rural Bangladeshi children. Further
analysis is required to examine the exact mechanism of high level of
anti–Ascaris IgE and asthma and atopic responses in low–income country
population such as Bangladesh, with a repeated helminth infections and
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increasing prevalence of asthma and atopic disease.
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Table 3.1: Characteristics of the study participants (n=912)
Characteristics n %
Age of the children (month) 54.4 + 0.7*
Sex (boys) 480 52.6
Ever asthma 164 18.0
Ever wheezing 412 45.2
Current wheezing 180 19.7
Family history of asthma (positive) 201 22.0
Anti–Ascaris IgE (positive) 636 69.7
Anti–DP IgE (positive) 404 44.3
Mite antigen skin prick test (positive) 139 15.7
History of diarrhoea in last 15 days (yes) 123 13.5
Socioeconomic status (calculated by asset score)
Poor 148 16.23
Below Middle 187 20.50
Middle 180 19.74
Upper Middle 195 21.40
Rich 202 22.15
*Mean + SD
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Table 3.2: Helminth egg counts of the study participants (n=890)
n %
A. lumbricoids eggs in stool (positive) 155 17.4
Low (<5/hpf*) 98 11.0
Moderate (5-10/hpf) 52 5.8
High (>10/hpf) 5 0.6
T. trichiura eggs in stool (positive) 156 17.5
Low (<5/hpf) 151 16.9
Moderate (5-10/hpf) 5 0.6
High (>10/hpf) 0 0.0
Hookworm eggs in stool (positive) 4 0.4
Few (<5/hpf) 3 0.3
Moderate (5-10/hpf) 1 0.1
High (>10/hpf) 0 0.0
*hpf (High power field)
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Table 3.3: Unadjusted and adjusted odds ratio with 95% confidence interval
for ever asthma with sex, stool egg counts and anti–Ascaris IgE
Ever asthma
Yes No Unadjusted Adjusted OR*
n (%) n (%) OR (95 % CI) (95% CI)
Sex (n=912)
Boys 96 (20.0) 384 (80.0) 1.34 (0.95-1.88) 1.42 (0.98-2.07)
Girls 68 (15.7) 364 (84.3) 1 1
A .lumbricoids eggs (n=890)
Positive 24 (15.4) 132 (84.6) 0.78 (0.48-1.25) 0.79 (0.47-1.33)
Negative 139(18.9) 595 (81.1) 1 1
T. trichiura eggs (n=890)
Positive 29 (18.6) 127 (81.4) 1.02 (0.65-1.60) 1.19 (0.73-1.94)
Negative 134(18.3) 600 (81.7) 1 1
Anti–Ascaris IgE (n=912) **
Positive 125(19.7) 511 (80.3) 1.49 (1.00-2.20) 1.34 (0.86-2.09)
Negative 39 (14.1) 237 (85.9) 1 1
Anti–Ascaris IgE (n=912)
P for trend = 0.007 P for trend = 0.016
4th quartile 55 (24.1) 173 (75.9) 1.93 (1.23-3.04) 1.86 (1.14-3.04)
3rd quartile 39 (17.2) 188 (82.8) 1.26 (0.78-2.04) 1.24 (0.74-2.08)
2nd quartile 31 (17.1) 150 (82.9) 1.25 (0.75-2.10) 1.18 (0.68-2.04)
1st quartile 39 (14.1) 237 (85.9) 1 1
*Adjusted for sex, socioeconomic status, family history of asthma, history of diarrhoea and
intervention trial arm.
**Anti–Ascaris IgE > 0.70 UA/ml considered as positive.
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Table 3.4: Unadjusted and adjusted odds ratio with 95% confidence interval
for anti–DP IgE with sex, stool egg counts and anti–Ascaris IgE
Positive anti–DP IgE*
Yes No Unadjusted OR Adjusted OR**
n (%) n (%) (95 % CI) (95% CI)
Sex (n=912)
Boys 236 (49.2) 244 (50.8) 1.52 (1.17-1.98) 1.48 (1.11-1.96)
Girls 168 (38.9) 264 (61.1) 1 1
A. lumbricoids eggs (n=890)
Positive 64 (41.0) 92 (59.0) 0.84 (0.59-1.20) 0.92 (0.63-1.35)
Negative 332 (45.2) 402 (54.8) 1 1
T. trichiura eggs (n=890)
Positive 65 (41.7) 91 (58.3) 0.87 (0.62-1.24) 0.96 (0.66-1.41)
Negative 330 (45.0) 404 (55.0) 1 1
Anti–Ascaris IgE (n=912) ***
Positive 352 (55.3) 284 (44.7) 5.34 (3.80-7.50) 5.33 (3.77-7.53)
Negative 52 (18.8) 224 (81.2) 1 1
Anti–Ascaris IgE (n=912)
P for trend =<0.001 P for trend = <0.001
4th quartile 159 (69.7) 69 (30.3) 9.93 (6.57-15.00) 9.89 (6.52-15.00)
3rd quartile 108 (47.6) 119 (52.4) 3.91 (2.62-5.82) 3.90 (2.61-5.82)
2nd quartile 85 (47.0) 96 (53.0) 3.81 (2.51-5.80) 3.92 (2.57-5.99)
1st quartile 52 (18.8) 224 (81.2) 1 1
*Anti–DP IgE > 0.70 UA/ml considered as positive.
**Adjusted for sex, socioeconomic status, family history of asthma, history of diarrhoea and
intervention trial arm.
***Anti–Ascaris IgE > 0.70 UA/ml considered as positive.
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Table 3.5: Unadjusted and adjusted odds ratio with 95% confidence interval
for skin prick test for D. pteronyssinus antigen with sex, stool egg counts
and anti–Ascaris IgE
Positive skin prick test*
Yes No Unadjusted OR Adjusted** OR
n (%) n (%) (95 % CI) (95% CI)
Sex (n=886)
Boys 75 (16.2) 389 (83.8) 1.08 (0.75-1.55) 1.08 (0.75-1.55)
Girls 64 (15.2) 358 (84.8) 1 1
A. lumbricoids eggs (n=769)
Positive 11 (15.5) 604 (84.5) 1.00 (0.62-1.62) 1.01 (0.62-1.65)
Negative 24 (15.6) 130 (84.4) 1 1
T. trichiura eggs (n=869)
Positive 114 (15.9) 603 (84.1) 0.89 (0.55-1.47) 0.89 (0.54-1.50)
Negative 22 (14.5) 130 (85.5) 1 1
Anti–Ascaris IgE (n=886) ***
Positive 108 (17.5) 510 (82.5) 1.62 (1.05-2.48) 1.63 (1.06-2.50)
Negative 31 (11.6) 237 (88.4) 1 1
Anti–Ascaris IgE (n=886)
P for trend = 0.079 P for trend = 0.076
4th quartile 40 (18.0) 182 (82.0) 1.68 (1.01-2.79) 1.69 (1.01-2.81)
3rd quartile 35 (16.1) 183 (83.9) 1.46 (0.87-2.46) 1.46 (0.89-2.46)
2nd quartile 33 (18.5) 145 (81.5) 1.74 (1.02-2.96) 1.76 (1.03-2.30)
1st quartile 31 (11.6) 237 (88.4) 1 1
*Skin prick test > 5mm considered as positive.
**Adjusted for sex, socioeconomic status, family history of asthma, history of
diarrhoea and intervention trial arm.
***Anti–Ascaris IgE > 0.70 UA/ml considered as positive.
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CHAPTER 4
CONCLUSION
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This research was conducted to search for specific risk factors for
asthma and atopic diseases among children in rural Bangladesh. There
have been scarce of researches focusing on the relationship between
malnutrition and asthma among children, though it is an important public
health problem. Also there have been of scanty of research in relation to
helminth infections and asthma and atopic diseases.
This research showed several important results. First, this research
confirmed that chronic malnutrition is a risk factor for asthma among the
children. Second, this research indicated that helminth infection is a risk
factor for asthma and atopic diseases. This research also suggested that
asthma among children in Bangladesh is mostly non–atopic.
Asthma and atopic diseases appear to be a serious public health
problem with recent trend of increasing prevalence throughout the world,
affecting people of all ages. Those diseases have many well known risk
factors and yet much remain to be learned of their fundamental
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immunologic, genetic and environmental mechanisms underlying the
development of those conditions and their increased expression. Further
analysis is required to examine the exact mechanism between nutritional
factors and asthma and allergic responses. I also recommend conducting
this type of study in future in the other parts of Bangladesh including urban
and rural population. Until now, there have been no definite treatments
which can cure these diseases. More research needs to be done for
prevention of those diseases by intervention. In future, I would like to
design some cheaper intervention, especially among the pregnant women
such as food/vitamin supplements and or mother’s education about some
risk factors during pregnancy which may lead to asthma among offspring.
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